gently plunging axes are associated with a slaty cleavage (S2) in the Collio sediments and a crenulation cleavage (S2) in fault rocks and locally in basement rocks. After intrusion of hornblende-diorite porphyry dikes, a new phase of south-directed thrust faulting (Da) occurred transecting S•, followed by late normal faulting (04). The age of the various alpine deformation stages is uncertain, but the dikes may be associated with the Adamello granite intrusion to the east, which has been dated at 38 Ma (Brack, 1981) .
Tourmalinite Setting
The contact between the Variscan basement and cover rocks of the Collio Formation in the Orobic Alps is discontinuously exposed over more than 40 km (Fig. 1A) and mostly defined by normal faults of late Carboniferous to Middle Permian age; the exact nature of the contact can be difficult to reconstruct because of the strong alpine deformation (Fig. 2) .
Fault-related rocks and tourmalinites have been found along most of the contact zone. One of the best outcrops of tourmalinites, where alpine deformation is less intense, occurs in the eastern part of the investigated area, 500 m southeast of Lake Publino (Figs. lB and 2; locality a). Here, a steeply south-dipping contact between Variscan orthogneiss and Collio sediments is exposed over i km. The top portion of the basement orthogneiss has undergone strong cataclasis, partly obliterating a Variscan fabric, and the contact is therefore interpreted as a fault. Along most of the contact, over a length of 600 m, the fractured basement is separated from Collio Formation conglomerates by two layers, a lower aphanitic gray cataclasite up to 2 cm thick and an upper layer of dark, glassy tourmalinite up to 5 cm thick (Fig. 3) . The cataclasite consists of clasts of fractured gneiss in a matrix of polygonal quartz and feldspar grains with a diameter of 2 to 10/•m. The field appearance and microstructure of the dark, glassy tourmalinite strongly resembles those of pseudotachylyte, a rock formed by local melting in response to frictional heating along a seismically active fault zone (Sibson, 1975) . Because of the extremely fine grained nature of the Orobic tourmalinites, whole-rock chemical analyses and Xray diffraction were needed to distinguish it from pseudotachylyte (see below). The boundaries between fractured gneiss and cataclasite, and between cataclasite and tourmalinite, are planar and sharp (Fig. 3) , whereas the tourmalinite gradually passes into a dark polymictic conglomerate, consisting mainly of schist and minor orthogneiss pebbles in a sandy matrix. At the western edge of the outcrop described above, the cataclasite and tourmalinite layers are no longer continuous, but several lenses of cataclasite, tourmalinite, sandstone, and andesitc alternate at a decimeter scale (Fig. 4B) .
A single layer of tourmalinite 1 to 5 cm thick, similar to that in locality a (Fig. lB) The microstructure and chemistry of tourmalinite samples from the contact zone south of Lake Publino (Fig. 2, locality a) , which is relatively little affected by alpine deformation, have been studied in some detail. In thin section the tourmalinite has a homogeneous matrix with 10 to 30 vol percent angular clasts of quartz and of the underlying cataclasite (Fig. 5) . The quartz clasts are derived from a ductilely deformed source rock such as the Variscan basement, since they show subgrain boundaries and boundaries of dynamically recrystallized grains that are truncated by the clast rims. Isolated accessory pyrite crystals occur in the tourmalinite matrix. The tourmalinite shows a lamination parallel to layer contacts, defined by differences in percentage and size of quartz fragments; in rare instances, laminae crosscut each other. In general, the size and amount of clasts in the tourmalinite increase upward to form a gradual transition between tourmalinite and the overlying sediments (Fig. 3) . Tourmalinite is locally transcoted by quartz veins and minor faults, but these postdate Sx; no evidence exists for brittle deformation oftourmalinite predating Sx. As a consequence, the tourmalinite apparently formed after brittle normal faulting ceased in the Middle Permian.
Transmission electron microscopy and EDAX anal- (Table 1) indicate that the tourmalinites contain 5.1 to 6.9 wt percent B203. Samples of the transition zone from tourmalinitc to overlying sediments show progressively lower B203 contents away from the tourmalinite. Assuming that all of the boron is in tourmaline, the B203 content of whole-rock samples (Table 1) 
